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This study assessed the distribution and correlates of objective sleep duration in the 21 
older population in Ireland. 22 
Design 23 
Cross-sectional study using population derived data from Wave 3 of the Irish 24 
Longitudinal Study on Ageing 25 
Setting 26 
Community dwelling adults 27 
Participants 28 
Adults aged 50 and older, who wore an accelerometer for at least four days 29 
(N=1,533). 30 
Measurements 31 
Sleep was measured for at least four days in 1,533 participants using a 32 
GENEActiv™ wrist-worn accelerometer device. Sleep parameters included total 33 
sleep time (TST) and self-reported sleep problems. TST was categorised as short 34 
and long sleep duration using US National Sleep Foundation guidelines. Linear and 35 
multinomial logistic regression models assessed socio-demographic, health and 36 
behavioural correlates of sleep duration. 37 
Results  38 
Mean TST for the sample was 463 minutes (SD, 72.6). 13.9% and 16.5% of 39 
participants measured short and long sleep duration respectively. TST decreased as 40 
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sleep problems increased, as did durations recorded in Summer compared to Winter 41 
recordings. Advancing age was associated with longer sleep, as was anti-depressant 42 
use. Retired/Unemployed participants recorded longer TST, and were more likely to 43 
record long sleep compared to employed participants. Fair/poor self-rated health and 44 
separated/divorced participants were more likely to record short sleep. Those 45 
reporting moderate or high physical activity were less likely to record short or long 46 
sleep respectively compared to those reporting low physical activity. Participants 47 
reporting a limiting disability were less likely to record long sleep. 48 
Conclusion 49 
Average TST was within recommended guidelines, however, a significant subset of 50 
older adults recorded sleep duration outside of the guidelines. Independent 51 
demographic and health correlates of sub-optimal sleep were identified, many of 52 
which are modifiable. Patients and clinicians should be aware of factors potentially 53 
influencing sleep patterns. Longitudinal analyses to confirm directionality of 54 
relationships with potential risk factors are warranted. 55 
Keywords: Sleep duration, GENEActiv, Accelerometer, Older population, Actigraphy 56 
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Sleep duration decreases naturally as we age, but may become more variable in 60 
older adults.1-3 Studies report a U shaped association with adverse health outcomes 61 
suggesting that both short and long sleep duration are risk factors for premature 62 
mortality, cardiovascular and chronic disease, and impairments in cognitive and 63 
mental health.4-12 In 2015, the National Sleep Foundation released guidelines 64 
recommending 7-9 hours (420-540 minutes) of sleep for adults aged 26-64 years, 65 
and 7-8 (420-480 minutes) hours for adults aged 65 years and older.13 Despite links 66 
to negative health outcomes and increased healthcare utilisation, sleep duration is 67 
not recognised as a public health concern.14 68 
The gold standard for sleep measurement, laboratory-based polysomnography, is 69 
impractical outside of laboratory settings and of limited use in understanding the 70 
sleep patterns of large community-dwelling populations.2 Self-reported sleep 71 
measures are the most commonly used method in large-scale surveys.2 However, 72 
these may measure different sleep parameters than objective measurement.15 73 
Alternative objective methods such as accelerometry are becoming increasingly 74 
common.16 Technological advances and access to cost-effective, user-friendly, non-75 
invasive measurement devices such as wrist-worn monitors have made it feasible for 76 
large, community based population studies to incorporate accelerometry 77 
measurement.17  78 
The Sleep Health Heart Study (SHHS) included home-based PSG18, while The 79 
Study of Osteoporotic Fractures (SOF) and Osteoporotic Fractures in Men Study 80 
(MrOS) measured sleep parameters using both wrist accelerometers and home-81 
based PSG.19, 20 The CARDIA study included sleep measurement in young adults 82 
using wrist accelerometers.21 These studies have expanded our knowledge on 83 
5 
 
objectively measured sleep characteristics in adults while also exploring outcomes of 84 
sleep disorders, fragmented sleep and insufficient sleep duration.20-27 SHHS, MRoS 85 
and SOF are, however, limited in their generalizability to other cohorts. SHHS is a 86 
multi-center cohort study designed to focus on sleep disorders as risk factors for 87 
cardiovascular disease28, while SOF19 and MRoS29 are multi-centre prospective 88 
observational studies limited to female or male cohorts respectively.  89 
Population studies have predominantly used self-reported survey questions for sleep 90 
research. There is a need for objective sleep analysis in generalizable population 91 
cohorts. Limited comparative data on European cohorts exists. The Whitehall II study 92 
of British civil servants recently included accelerometry.30 These measurements 93 
have now been included in The English Longitudinal Study of Ageing31 and The Irish 94 
Longitudinal Study on Ageing (TILDA)32. These population representative studies of 95 
community dwelling older adults follow an internationally comparable design 96 
modelled on the Health and Retirement Study. TILDA provides a unique opportunity 97 
to analyse sleep in a population derived randomly selected large sample of 98 
community dwelling older adults and thus further contribute to extant literature. The 99 
richness and complexity of the data available allows for comprehensive analyses 100 
while accounting for an extensive list of confounding factors covering social, 101 
economic and health domains.  102 
The aims of this study were to: 1) assess objective sleep duration in older adults in 103 
Ireland; 2) identify demographic and health related factors associated with sleep 104 





Data Collection 108 
TILDA is a nationally representative study of community-dwelling adults aged 50 and 109 
over and their partners (of any age) in Ireland. The sampling procedure and study 110 
design have been described previously.32, 33 Briefly, the sampling frame is the Irish 111 
Geodirectory, a comprehensive listing of all residential addresses in the Republic of 112 
Ireland. A randomly selected, clustered sample was drawn from this listing using the 113 
RANSAM sampling procedure34 and all household residents aged ≥50 years were 114 
eligible to participate. 8,175 adults aged 50 and over took part in Wave 1. This study 115 
uses data from Wave 3 of TILDA, collected during 2014 and 2015. Participants 116 
completed a structured interview covering health, social and financial circumstances. 117 
From Wave 2, proxy interviews were offered where a participant could not complete 118 
the structured interview due to physical or cognitive impairment. 6,902 participants 119 
completed an interview in Wave 335 (Figure 1). Only participants aged 50 and older 120 
who had completed a self-interview were included in this study (n=6,497). Sleep data 121 
was collated during the structured interview (self reported sleep) and by 122 
accelerometry applied at the health assessment (objective sleep).  123 
Participants were offered a comprehensive health assessment following the 124 
interview. This was carried out by qualified research nurses in a Health Assessment 125 
Centre (HAC). Where participants were unable or unwilling to travel, a modified 126 
home-based assessment was offered. 5,315 participants completed the objective 127 
assessment.  128 
The Wave 3 health assessment included accelerometry measurement using a 129 
lightweight, non-invasive, wrist-worn GENEActiv™ accelerometer.36 190 130 
accelerometer devices were available. This facilitated recruitment of a sub-sample of 131 
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1,578 (30%), attendees of the health assessment. Participants were asked to wear 132 
the accelerometer device on the non-dominant wrist for seven consecutive days 133 
immediately following health assessment.  134 
The full seven days of data was not captured for 226 participants when participants 135 
reported that wearing the device for seven days was impractical, or the device 136 
experienced technical problems in the field. The majority of data loss was one day 137 
(61.1% n=138). A Spearman-Brown reliability analysis suggested four days or more 138 
were necessary to obtain a reliable estimate of sleep duration (see supplemental 139 
methods for details). Participants recording fewer than four days of sleep duration 140 
were excluded from analyses. 1,533 participants returned the accelerometer with at 141 
least four days of recorded sleep duration.  142 
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Activity Monitor 143 
The GENEActiv™ wrist worn accelerometry-based activity device has a 144 
measurement range of ±8g with a maximum logging period of seven days at 100Hz. 145 
The device is lightweight and water-resistant, with an integrated body-temperature 146 
sensor which can confirm wear and non-wear periods. 147 
Activity Processing 148 
Data files were extracted from each accelerometer on return in a .bin and .csv 149 
format. Although the GENEActiv™ software package allows for assessment of sleep 150 
and activity, the company derived algorithm is manually operated and not suitable for 151 
larger samples. Sleep was assessed using a fully automated MEMS accelerometer 152 
classification algorithm devised for epidemiological studies.37 The raw accelerometer 153 
data was split into three second epochs at Fs = 100Hz, producing 216000 epochs for 154 
a 1-week period (180 hours). This was further classified into sleep and wake cycles 155 
using automated threshold detection. To assess the accuracy of the sleep 156 
classification of this algorithm, a verification study was performed using a sample of 157 
participants in the English Longitudinal Study on Ageing. 99 participants had 158 
accelerometer recordings from a GENEActiv™ monitor matched to a sleep/wake 159 
diary completed by the participant. The algorithm showed a zero-mean difference 160 
from the diary reports, indicating that on average, the algorithm agrees closely with 161 
the diary reports.37 162 
Sleep Parameters 163 
Total sleep time (TST) is derived as the length of the classified major sleep period in 164 
each day, and presented in minutes.  165 
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Short sleep duration and long sleep duration were categorized using the 166 
recommended sleep periods as defined by the US National Sleep Foundation.13 The 167 
recommended thresholds are determined using evidence drawn primarily from 168 
studies involving self reported sleep duration which is typically asked to the nearest 169 
hour.13, 38 For comparability, TST was rounded to the nearest hour prior to 170 
categorization. Short sleep duration is defined as <7 hours for all participants. Long 171 
sleep duration is defined as >9 hours for participants aged up to 64, and >8 hours for 172 
participants aged 65 years and older.  173 
Sleep Problems 174 
Self-reported sleep problems were collected using items from the Jenkins Sleep 175 
Problems Scale.39 Participants were asked three questions including how likely they 176 
were to doze off during the day with responses ranging from “would never doze” to 177 
“high chance of dozing” on a four-point Likert scale, how often they have trouble 178 
falling asleep, and how often they have trouble with waking up too early and not 179 
being able to fall asleep again, rated on a three-point Likert scale from “rarely or 180 
never” to “most of the time”. Items were summed and treated as a continuous scale 181 
(range 0-7). Higher scores represented more sleep problems.  182 
Covariates 183 
Covariates known to impact sleep were included in the analysis. All covariates were 184 
self-reported: 185 
Socio Demographic 186 
Age was included as a continuous measure. Sex, educational attainment (primary, 187 
secondary, third level or higher), employment status (employed, retired, unemployed 188 
- includes unemployed, permanently sick or disabled, looking after home or family, or 189 
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in education/training), marital status (married, not married, separated/divorced, 190 
widowed), location of residence (Dublin city or county, another town or city, a rural 191 
area) were also included.  192 
Physical, Mental and Behavioural Health 193 
Health covariates included self-rated health, physical activity groups (low, moderate, 194 
high) as measured by the International Physical Activity Questionnaire40, 41, Body 195 
Mass Index (BMI), smoker status, self-reported pain, limiting disability determined by 196 
asking participants if they have any long term health problems, illness, disability or 197 
infirmity, including mental health problems, which would limit activities in any way, 198 
depressive symptoms as measured by scoring 9 or higher on the 8-item Center for 199 
Epidemiological Studies Depression Scale42, doctor diagnosed cardiovascular 200 
conditions (hypertension, stroke, angina, heart attack, heart murmur, atrial fibrillation) 201 
and doctor diagnosed chronic conditions (lung disease, asthma, arthritis, 202 
osteoporosis, cancer, Parkinson’s disease, stomach ulcer, varicose ulcer, liver 203 
disease, thyroid disease, kidney disease). 204 
Medications 205 
Medications known to impact sleep were included as covariates. Medications were 206 
classified using the Anatomical Therapeutic Chemical (ATC) classification codes. 207 
Sleep medication included ATC codes N05A (Antipsychotics), N05B (Anxiolytics), 208 
N05C (Hypnotics and Sedatives) and R06A (Antihistamines). Anti-hypertensive 209 
medication included ATC codes C02 (anti-adrenergic agents), C03 (diuretics), C07 210 
(beta-blockers), C08 (calcium-channel blockers) and C09 (ACE inhibitors). Anti-211 
depressant medication was classified by ATC code N06A. 212 
Statistical analyses 213 
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Bivariate associations between TST and season, weekday/weekend, day of wear 214 
and between TST and sample characteristics, were analysed using t-tests and 215 
ANOVAs. Linear regression analyses were used to assess independent associations 216 
between sample characteristics and TST. For further interpretability, multinomial 217 
logistic regression of short and long sleep duration was undertaken to identify which 218 
groups were independently associated with measurement of categorised sub-optimal 219 
sleep duration. Statistical analyses were performed using Stata 15.1 (StataCorp., 220 
College Station, TX). 221 
Results 222 
Sample Characteristics 223 
The characteristics of the accelerometer sample did not differ greatly from the health 224 
assessment sample, or the complete sample (Table 1). The Mean (SD) age of the 225 
accelerometer sample was 67.5 (9.1) years (range: 50-94 years). The largest 226 
discrepancy was found in employment status. 53.4% of the accelerometer sample 227 
reported being retired, compared to 46.4% of the health assessment sample and 228 
45.8% of the complete sample. Self-reported sleep problems did not differ across the 229 
three samples (Mean±SD: 2.2±1.6). 230 
 231 
  232 
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Mean TST was 463±73 minutes with a range of 164-779 minutes (Figure 2). 80.2% 233 
of participants aged 50-64 were within the recommended range of 7-9 hours, with 234 
15.0% sleeping 6 hours or less and 4.8% sleeping for 10 hours or more. Of those 235 
aged 65 years and older, 61.1% slept within the recommended time of 7-8 hours, 236 
with 13.0% sleeping 6 hours or less and 25.9% sleeping for 9 hours or more.  237 
Supplementary Figure S1 shows mean TST by day of wear, week/weekend and 238 
season. Participants recorded longer mean TST on day of application of the device 239 
(483 minutes) compared to shorter means of 459-465 minutes for the remainder of 240 
wear. Significant variation in TST between seasons was recorded. TST recorded 241 
during spring and summer were shorter (Mean: 455 minutes) than winter and 242 
autumn (Mean: 470-472 minutes).  243 
Table 2 shows the mean TST by sample characteristic groups. Participants who 244 
were retired (Mean: 468) or unemployed (Mean: 467) recorded almost 20 minutes 245 
longer TST compared to employed participants (Mean: 450 minutes). Anti-246 
hypertensive medication users recorded longer TST compared to non-users (Mean: 247 
467 minutes vs 459 minutes), as did anti-depressant users compared to non-users 248 
(Mean: 478 minutes vs 461 minutes).  249 
  250 
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Figure 3A shows a multivariable linear regression model assessing associations 251 
between sample characteristics and TST. Figure 3B and 3C show the results of a 252 
multinomial logistic regression analysis which assessed predictors of short (n=213, 253 
13.9%) and long sleep duration (n=253, 16.5%).  254 
Self-reported sleep problems were associated with TST, and the likelihood of short 255 
sleep and long sleep durations. TST decreased as sleep problems increased (B=-256 
3.58, 95% CI:-6.00,-1.17, p<0.01), with the risk of short sleep duration increasing 257 
(RRR=1.12 95% CI=1.01,1.23, p<0.05), and long sleep duration decreasing 258 
(RRR=0.89 95% CI=0.81,0.99, p<0.05) for each unit increase of sleep problems. 259 
Associations between employment status and both TST and long sleep durations 260 
were found. Retired/unemployed participants recorded longer TST compared to 261 
employed participants (Retired: B=15.04, 95% CI: 4.22,25.85, p<0.01; Unemployed: 262 
B=12.60, 95% CI: 0.78,24.42, p<0.05). This was further reflected in a significant 263 
positive association with long sleep duration. Retired (RRR=3.36 95% CI=1.91,5.90, 264 
p<0.001) and Unemployed (RRR=2.64 95% CI=1.42,4.92, p<0.01) participants were 265 
more likely than employed participants to record long sleep duration.  266 
Season of recording was associated with TST and short sleep duration. Shorter TST 267 
was recorded in Summer compared to Winter (B=-13.53, 95% CI: -24.59,-2.47, 268 
p<0.05). Correspondingly, participants who had recordings taken in summer were 269 
more likely to record short sleep duration (RRR=1.80 95% CI=1.12,2.92, p<0.05) 270 
compared to Winter recordings. 271 
Individual associations with both short and long sleep duration were also found. 272 
Participants who reported their health as fair/poor, compared to those who rated their 273 
health as excellent/very good/good, were more likely to record short sleep 274 
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(RRR=2.29 95% CI=1.43,3.66, p<0.001). Participants who were separated/divorced, 275 
compared to married participants, were also more likely to be short sleepers 276 
(RRR=2.12 95% CI=1.19,3.80, p<0.05). Age was positively associated with long 277 
sleep (RRR=1.05, 95% CI=1.03,1.08, p<0.001) as were anti-depressant medication 278 
users compared to non-users (RRR=1.66 95% CI=1.03,2.70, p<0.05). 279 
Those reporting moderate physical activity were less likely (RRR=0.67 95% 280 
CI=0.45,0.99, p<0.05) to be short sleepers compared to those reporting low physical 281 
activity, as were those who reported a limiting disability compared to those who did 282 
not (RRR=0.62, 95% CI=0.40,0.95, p<0.05). Participants reporting high physical 283 
activity were less likely (RRR=0.60 95% CI=0.39,0.93, p<0.05) to be associated with 284 





This study assessed objective sleep duration in one of the largest samples to date of 288 
community-dwelling older adults, from different socio-economic backgrounds. 289 
Distributions of sleep duration were explored, and predictors of short and long sleep 290 
duration were identified. Whereas 69.6% of adults are sleeping within recommended 291 
guidelines, 13.9% and 16.5% report short or long sleep respectively. In other studies, 292 
these are known to be associated with negative health outcomes4-12, 20, 43 Reported 293 
sleep problems and poorer self-rated health were associated with short sleep. 294 
Increasing age, separated/divorced participants and unemployment were positively 295 
associated with long sleep duration, as were common experiences with advancing 296 
age such as retirement, and anti-depressant use. Limiting disability and moderate 297 
physical activity were negatively associated with short sleep duration, while reported 298 
sleep problems and high physical activity were associated with long sleep duration.. 299 
Awareness of characteristics of people with altered sleep may alert attending health 300 
care professionals to high risk groups, suggesting monitoring of habitual changes in 301 
sleep during life-stage transitions and healthcare management may be warranted.  302 
SHHS3, SOF44, MrOS20 and CARDIA24 have all shown that sleep duration is 303 
associated with increased health risks. MrOS provides an insight in older male 304 
adults, and SOF provide insight into older female adults. Both studies however are 305 
volunteer led multi-centre prospective observational studies, limited to male or 306 
female samples respectively, and note their findings have limited generalizability to 307 
other cohorts19, 29. SHHS is designed to investigate sleep disorders as risk factors for 308 
cardiovascular disease using in-home PSG28, while CARDIA assesses sleep in a 309 
young adult cohort21. Although the Whitehall II study includes valid accelerometer 310 
data for 4,204 adults aged 60-8330, data is collected from an occupational cohort and 311 
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may not be considered representative of the general older population.45 The TILDA 312 
accelerometer sample is a sub-sample of community dwelling adults in a large 313 
European cohort drawn from an internationally comparable survey design. The 314 
richness and complexity of the TILDA data enabled adjustment for many relevant 315 
confounders and identified sleep duration, socio-demographic, health and 316 
behavioural correlates of sleep duration. The design of TILDA has additionally 317 
allowed us to control for sources of methodological variation such as season. This 318 
study thus expands on existing reports. 319 
Insomnia is closely related to sleep duration. TILDA included a number of questions 320 
assessing self-reported sleep problems drawn from a validated instrument.39 These 321 
were included in models to assess the impact of sleep quality on measured sleep 322 
duration. Reporting more problems was strongly associated with short sleep. 323 
Inclusion of these measurements also allowed assessment of the effects of other 324 
factors on sleep duration independent of subjective experience.  325 
Seasonal differences may be related to change in temperature or daylight hours.46 326 
Recordings taken during summer were associated with short sleep, potentially 327 
caused by longer daylight hours or higher temperatures.  328 
Poorer general health was associated with short and long sleep duration. 329 
Participants who rated their health as fair/poor were more likely to record short sleep. 330 
Anti-depressants disrupt sleep, or improve it dependent upon the sedative properties 331 
of different drug classes.47 Anti-depressant use was associated with long sleep in 332 
fully adjusted models which controlled for depressive symptoms.  333 
Moderate and high physical activity showed negative associations with short and 334 
long sleep. Physical activity is known to attenuate the risk of sub-optimal sleep 335 
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duration. In the MrOS study high levels of physical activity reduced the odds of 336 
becoming a short sleeper during 6-year follow.23  337 
Age, employment status and marital status were all found to be related to TST. Our 338 
analysis showed age had a positive association with long sleep duration, but not with 339 
TST. Kurina et al. found increased TST of around 12 minutes per decade in adults 340 
aged 62-90.2 The MrOS sample showed higher baseline age predicted increased 341 
odds of becoming a long sleeper.23 However, findings from SHHS showed that TST 342 
decreased at older age, but sleep latency increased, an effect similar to our 343 
findings.3 Transition to retirement leads to an increase in sleep duration.48 Increased 344 
TST and a positive association with long sleep duration was found in our retired 345 
participants. A study of older adults in China showed an increased risk of short and 346 
long sleep duration in unmarried participants.49 A US study reported better sleep 347 
characteristics in older married adults compared with unmarried participants.50 348 
Conversely, our findings showed participants who were separated/divorced 349 
experienced an association with long sleep duration.  350 
Characteristics which were found to have associations with sub-optimal sleep 351 
duration may have clinical relevance, identifying groups potentially at risk of negative 352 
outcomes. 353 
Strengths and Limitations 354 
This is one of the largest studies of accelerometer measurement in a large 355 
population derived, community-dwelling cohort of older adults, to date.   356 
The availability of TST coupled with the richness of data allow for a comprehensive 357 
assessment of sleep duration in older adults. The time span involved in collecting 358 
data during Wave 3 of TILDA additionally allowed for a summary of seasonal 359 
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variation. Although this effect is cross-sectional and subject to individual variation, it 360 
has identified meaningful differences that should be considered as potential 361 
confounders. 362 
Limitations were also present. The sample is relatively young (mean age: 67.5 years) 363 
and healthy. Accelerometer measurement is cross-sectional, limiting the ability to 364 
understand the temporal direction of these relationships. Further study is needed 365 
including longitudinal analyses to confirm directionality of relationships. 366 
Accelerometer measurements were only available for a sub-sample and though 367 
characteristically similar to the full cohort, it is not fully population representative. In 368 
wrist-worn monitors, activity measurement can be influenced by the height of the 369 
user. However, objectively measured height did not correlate with TST (-0.02) in this 370 
study (Supplementary Figure S2). 371 
In conclusion, our findings show that the majority (69.6%) of older Irish adults sleep 372 
within the recommended range. This study has established baseline findings of sleep 373 
duration in a population derived sample of community dwelling older adults drawn 374 
from a large European cohort. Short and long sleep duration were found to be 375 
associated with socio-demographic and health characteristics, including employment 376 
status, marital status, self-rated health, limiting disability, physical activity and use of 377 
anti-depressants, many of which may be modifiable. Patients and clinicians should 378 
be aware of factors which influence undesirable sleep patterns.  379 
  380 
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Table 1. Characteristics of the Wave 3 Self-interview, health assessment and accelerometer 555 
samples 556 
 Wave 3 self-
interviewa sample  
(n=6497) 
Wave 3 Health 
assessmentb sample 
(n=5315) 
Wave 3 accelerometerc 
sample 
(n=1533) 
Mean (SD) or % Mean (SD) or % Mean (SD) or % 
Sleep Problems Score 2.2 (1.6) 2.2 (1.6) 2.2 (1.6) 
Sex     
Male 44.6 45.0 46.4 
Female 55.4 55.0 53.6 
Age 66.6 ± 9.2 66.4 ± 9.0 67.5 ± 9.1 
Education    
None/Primary 25.5 23.6 25.4 
Secondary 39.8 39.2 39.7 
Third/Higher 34.7 37.2 34.8 
Employment Statusd    
Employed 33.0 33.2 26.5 
Retired 45.8 46.4 53.4 
Other 21.3 20.4 20.1 
Marital Status    
Married 69.7 71.0 72.4 
Never Married 8.5 7.8 7.7 
Separated/Divorced 7.2 7.0 6.8 
Widowed 14.6 14.2 13.1 
Location    
Dublin city or county 24.1 25.6 28.4 
Another town or city 27.8 27.1 27.1 
A rural area 48.1 47.2 44.4 
Self-Rated Health    
Excellent/Very Good/Poor 81.8 83.1 84.1 
Fair/Poor 18.2 16.9 15.9 
Physical Activity Groups    
Low 39.0 38.1 36.1 
Moderate 34.8 35.7 36.5 
High 26.1 26.2 27.4 
BMI Category    
Normal Weight 22.4 22.4 23.4 
Overweight 43.7 43.7 44.7 
Obese 34.0 34.0 31.9 
Current Smoker 12.9 11.7 10.7 
Reported Pain 35.0 35.1 35.8 
Limiting Disabilityd 25.7 25.1 25.1 
Depressive Symptomsd 10.3 10.4 9.2 
Medications: Sleep 9.1 9.0 8.4 
Medications: Anti-Hypertensives 43.7 43.2 46.3 
Medications: Anti-Depressants 9.2 9.2 9.4 
≥1 Chronic Condition  54.1 54.2 56.0 
≥1 Cardiovascular Condition 45.9 45.3 48.1 
aMissing data: Sleep problems n = 18 (0.3%), Education n = 2 (0.03%,) Employment status n = 11 (0.2%), Self-rated health n = 1 (0.02%), 557 
Physical Activity Groups n = 315 (4.9%), Smoker n = 6 (0.1%), Reported pain n = 5 (0.1%) Limiting disability n = 3 (0.1%), Depressive 558 
symptoms n= 34 (0.5%) 559 
bSleep problems n = 12 (0.2%), Education n = 1 (0.02%,) Employment status n = 6 (0.1%), Self-rated health n = 1 (0.02%), Physical Activity 560 
Groups n = 256 (4.8%), BMI Category n = 78 (1.5%), Smoker n = 1 (0.02%)  Reported pain n = 5 (0.1%) Limiting disability n = 2 (0.04%), 561 
Depressive symptoms n= 19 (0.4%) 562 
cMissing data: Sleep problems n = 7 (0.5%), Employment status n = 4 (0.3%), Physical Activity Groups n = 17 (1.1%), BMI Category n = 17 563 
(1.1%) Reported pain n = 4 (0.3%) Limiting disability n = 6 (0.4%), Depressive symptoms n= 6 (0.4%)  564 
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Figure 2: Histogram of Total Sleep Time 565 
  566 
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Table 2. Total sleep time by sample characteristics 567 
 Total Sleep Timea 
Mean ± SD (Range)  
Overall 463 ± 73 (164-779)   
Sex   
Male 460 ± 75 (164-726) 
p = 0.19 
Female 465 ± 70 (234-779) 
Education   
None/Primary 467 ± 78 (197-779) 
p = 0.24 Secondary 464 ± 73 (191-705) 
Third/Higher 459 ± 68 (164-726) 
Employment Statusb   
Employed 450 ± 63 (191-629) 
p < 0.001 Retired 468 ± 75 (164-726) 
Unemployed 467 ± 76 (197-779) 
Marital Status   
Married 462 ± 68 (164-726) 
p = 0.10 
Never Married 451 ± 80 (197-701) 
Separated/Divorced 467 ± 72 (318-655) 
Widowed 471 ± 89 (234-779) 
Location   
Dublin city or county 459 ± 69 (209-672) 
p = 0.39 Another town or city 465 ± 77 (191-779) 
A rural area 464 ± 72 (164-705) 
Self-Rated Health   
Excellent/Very Good/Poor 463 ± 70 (164-779) 
p = 0.82 
Fair/Poor 464 ± 84 (250-705) 
Physical Activity Groupsb   
Low 465 ± 81 (164-779) 
p = 0.26 Moderate 465 ± 69 (209-710) 
High 458 ± 66 (191-655) 
BMI Categoriesb   
Normal Weight 462 ± 68 (259-726)  
p = 0.73 Overweight 465 ± 70 (191-779) 
Obese 461 ± 78 (164-710) 
Current Smoker   
No 463 ± 72 (164-779) 
p = 0.77 
Yes 465 ± 77 (282-658) 
Reported Painb   
No 462 ± 74 (164-779) 
p = 0.46 
Yes 465 ± 70 (250-710) 
Limiting Disabilityb   
No 462 ± 71 (164-779) 
p = 0.09 
Yes 468 ± 77 (214-705) 
Depressive Symptomsb   
No 462 ± 72 (164-779) 
p = 0.22 
Yes 470 ± 80 (250-672) 
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Medications: Sleep   
No 462 ± 72 (164-779) 
p = 0.07 
Yes 474 ± 77 (259-699) 
Medications: Anti-Hypertensives   
No 459 ± 69 (164-655) 
p < 0.03 
Yes 467 ± 76 (214-779) 
Medications: Anti-Depressants   
No 461 ± 70 (164-726) 
p < 0.01 
Yes 478 ± 93 (191-779) 
Chronic Conditions   
No Chronic Condition 463 ± 72 (164-726) 
p = 0.84 
≥1 Chronic Condition 463 ± 73 (197-779) 
Cardiovascular Conditions   
No Cardiovascular Condition 461 ± 69 (191-655) 
p = 0.20 
≥1 Cardiovascular Condition 465 ± 76 (164-779) 
aPresented as minutes 568 
bMissing data: Sleep problems n = 7 (0.5%), Employment status n = 4 (0.3%), Physical Activity Groups n = 17 (1.1%), BMI Category n = 17 569 
(1.1%) Reported pain n = 4 (0.3%) Limiting disability n = 6 (0.4%), Depressive symptoms n= 6 (0.4%) 570 
p-values below 0.05 show statistically significant differences between groups 571 
  572 
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Figure 3. Regression models for predictors of A: Total Sleep Time, B: Short Sleep 573 
Duration, C: Long Sleep Duration  574 
A: Linear Regression for total sleep time in minutes 575 
B/C: Multinomial Regression for predictors of short and long sleep duration 576 
compared to recommended sleep duration 577 




End of life interview (n=215) 
Proxy interview (n=121)
Age < 50 (n=69)
Eligible for accelerometer study 
n=5,315
Did not complete health assessment 
n=1,182
n=1,578
Did not receive accelerometer 
n=3,737
Complete cases for analysis 
n=1,533
Missing accelerometer data
4 days missing (n=10) 
5 days missing (n=22) 
6 days missing (n=13) 
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Supplementary Methods. Spearman-Brown Reliability Analysis to determine 1 
minimum number of recorded days required for reliable measure of sleep 2 
duration 3 
A two-way random effects model was used to calculate an intra-class correlation 4 




  6 
where n refers to the number of within person observations. In line with previous 7 
literature, ≥0.7 was used as the threshold for an acceptable reliability coefficient for 8 
the measurement of sleep parameters.1,2 Four days or more of recorded sleep 9 
duration were needed to reach the reliability coefficient threshold in this sample 10 
(Supplementary Figure S3). 11 
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